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A spin-labeled fluorescent probe consists of a fluorophore unit and a tethered 
paramagnetic group. The conventional spin-labeled fluorescent probe is to bind 
nitroxide radical to organic fluorophore. As a paramagnetic group, the nitroxide 
moiety quenches the fluorescence of the fluorophore efficiently, keeping the probe’s 
prefluorescent property. The fluorophore emission can be readily restored when the 
nitroxide moiety of a spin-labeled fluorescent probe is reduced or coupled with a 
carbon-centered radical. In recent years, some novel fluorescent materials have been 
developed remarkably, including colloidal semiconductor quantum dots, conjugated 
polymers and gold clusters. Some scientists have made great efforts to study the 
interaction of nitroxide radical and novel fluorophores, and achieved substantial 
development. 
This dissertation focuses on opening up the new field of spin-labeled fluorescent 
probes, and has synthesized two kinds of new spin-labeled fluorescent probes, that is, 
nitroxide-labeled lanthanide complex and quantum dot-Eu3+ ion conjugate. The 
interactional mechanisms between fluorophores and paramagnetic moieties (nitroxide 
and Eu3+ ion) have also been investigated. 
The dissertation consists of three chapters as follows. 
Charter 1 is the general background on the research work. First, the development 
of spin-labeled fluorescent probes is introduced, that is, the spin-labeled organic 
fluorophores and its applications in various areas, and the exploration of the 
interaction between nitroxide and novel fluorophores. Then I review the applications 
of lanthanide complexes as responsive luminescent probes, and the development of 
luminescence “turn-on” probes based on quantum dots. Finally, the research plan for 














The work in Charter 2 is on the design and synthesis of spin-labeled luminescent 
probe based on lanthanide complex. This probe consists of a lanthanide complex and 
a tethered nitroxide radical. The paramagnetic nitroxide radical, which shows EPR 
signal, can reversibly quench the luminescence of lanthanide complex, so this probe 
has the potential to be a bimodal sensor for carbon-centered radicals. We have 
preliminarily applied the probe in the luminescent detection of hydroxyl radicals and 
myoglobin radicals. The investigation of intramolecular quenching process has 
showed that the labeled nitroxide radical quenches multiple excited states of the 
terbium complex, resulting in highly efficient quenching of terbium luminescence. 
This discovery would facilitate the quenching theory of nitroxide and the 
development of new probes of the sort. 
In Charter 3, we developed a conjugate of QD-Eu3+ as a luminescence “turn-on” 
probe for nucleoside triphosphates (NTPs). This sensing is based on the effective 
quenching of thioglycolic acid (TGA)-capped CdTe QDs by Eu3+ ions, and this 
quenching is reversible. This conjugate was prepared by simply mixing TGA-capped 
CdTe QDs and EuCl3 at a physiological pH in water. The results demonstrated that the 
preluminescent TGA-CdTe QD-Eu3+ conjugate can be a good optical probe for NTPs, 
which has proved to be selective and highly sensitive. And this probe was applied to 
detect intracellular NTPs. The quenching effect of Eu3+ on the luminescence of CdTe 
QDs is attributed to photoinduced electron transfer (PET). The addition of ATP, as the 
representative of NTPs, can remove Eu3+ from CdTe QDs as a result of the strong 
complexation of ATP and Eu3+, leading to luminescence restoration. 
 

























      
图 1.1 几个典型氮氧自由基的结构式 



























图 1.2 顺磁标记荧光探针的检测原理示意图 




































































增加到 12.8 mM。[15] 
Figure 1.4 (top) Schematic diagram of spin-labeled phthalocyaninatosilicon probe for detecting 
ascorbic acid; (bottom) time-profiles of the probe’s fluorescence after ascorbic acid addition, the 



































Figure 1.5 (top) Schematic diagram of the production ketoxy radical by HRP catalytic cycle; 
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